A simultaneous triple culture for adenovirus, cytomegalovirus, and herpes simplex virus, using three different fluorochromes for virus detection and differentiation in the same shell vial, was developed. In evaluations the triple culture performed comparably to separate cultures, required less specimen volume, and was less expensive to perform.
Rapid shell vial culture is now used in many laboratories as an adjunct to routine culture to decrease incubation time (2) (3) (4) . Separate vials are processed and stained for each suspected virus because all of the currently available direct and indirect immunofluorescence (IIF) culture confirmation reagents use fluorescein isothiocyanate (FITC). Although a particular cell line might be susceptible to more than one target virus, it is impossible to differentiate more than one virus in an individual cell monolayer with a single fluorochrome. When multiple agents are suspected, the cost of shell vial culture and the volume of specimen required increase in direct proportion to the number of vials processed. Dual shell vial culture using a two-color fluorescent stain in a single vial has been described previously (1) . We modified and expanded the culture confirmation stain to differentiate three viruses in the same cell monolayer. We evaluated the performance of IIF with the triple stain for confirmation of adenovirus (ADV), cytomegalovirus (CMV), and herpes simplex virus (HSV) in a combined shell vial culture.
(This work was presented in part at the 10th Annual Clinical Virology Symposium, Clearwater Beach, Fla., 24 to 27 April 1994.)
Specimens submitted for general viral culture from January through May 1993 were tested in parallel by individual and triple cultures. Individual tube cultures were performed on all specimens, and individual rapid cultures were performed on selected sources. Rapid culture for HSV was performed in 48-well plates as previously described (1) . ADV culture was performed as described for HSV; however, HEp-2 and A549 cells were used and the culture confirmation stain was IIF rather than immunoperoxidase. CMV culture was performed in shell vials as previously described (3).
For triple culture, specimens were inoculated into shell vials as for CMV (3) . Shell vials were seeded with HFT Parallel testing by triple and individual rapid and/or standard tube cultures was performed on 322 specimens submitted for general viral culture. Of these, 60 (18.6%) were positive for ADV, CMV, or HSV in either the triple or reference culture(s) or both. Fifty-nine specimens were positive for a single virus, and one specimen was positive for two viruses (CMV and HSV).
Specimens which were positive for ADV, CMV, or HSV in either the standard tube culture or the individual rapid culture or both were included in the total number positive by reference culture(s). Results are listed in Table 1 . HFT, which was added as a third line after the first 57 specimens had been tested, produced only one additional CMV isolate from a low-levelpositive specimen and was subsequently eliminated from tabulation. The sensitivity and specificity of the triple culture with the MRC-5 and A549 cell line combination and with three fluorescent probes were 93.8 and 100% for ADV, 88.9 and J. CLIN. MICROBIOL. When read with the FITC filter combination, cells positive for CMV showed oval or kidney-bean-shaped bright-green intranuclear inclusions which contrasted sharply with the redstained negative cells. Monolayers positive for ADV exhibited one or more cells with granular nuclear and cytoplasmic gold fluorescence viewed by FITC filters and orange by FITC/Cy3 filters. The gold fluorescence of the Cy3-labelled ADV-positive cells was distinguishable in the fibroblast lines, where the red background was muted; the contrast was less distinct in the A549 line, where the red background was more intense. However, ADV-positive cells fluoresced a bright orange with the dual filters and were easily distinguished from the background cells in the A549 line. FITC-labelled CMV inclusions also stained a dimmer green when viewed with the dual FITC/Cy3 filter combination.
MRC-5 monolayers were read with the FITC filter set and the A549 monolayers were read with the dual combination filters. AMCA-labelled HSV-positive cells could be seen only with the UV filter set. Positive monolayers contained one or more cells with granular nuclear and cytoplasmic blue fluorescence. Negative cells stained pink. Because negative fibroblast cells did not stain as intensely as A549 cells, they were slightly more difficult to read with the UV filters than with the other filter sets. The positive cells, however, were intensely fluorescent and easy to recognize.
Simultaneous triple culture was most useful for biopsy and for respiratory specimens because they were likely to produce more than one kind of virus. Fifteen of the positive specimens were recovered from tissue: three CMV and six HSV specimens were recovered from esophageal specimens; one ADV and one CMV specimen were recovered from colon tissue. The remaining four biopsy specimens grew CMV. Thirty-two of the positive specimens were recovered from respiratory specimens: upper respiratory sources (primarily throat and nasal swabs) grew 7 ADV, 3 CMV, and 3 HSV specimens; lower respiratory samples (bronchial washes and lavages) yielded 1 ADV, 15 CMV, and 3 HSV specimens. Stools and rectal swabs grew only ADV, and skin sources grew only HSV. For these specimens, individual cultures would be more appropriate. Although only ADV was isolated from eye specimens cultured in this study, HSV is also an important cause of eye disease. Even though it is unlikely that CMV would be recovered from an eye specimen, we found the triple culture to be less labor-intensive than individual cultures for ADV and HSV.
In summary, the triple shell vial culture for ADV, CMV, and HSV gave results comparable to those of individual rapid and tube cultures, required less specimen volume, and required fewer cell cultures. The three colors were distinct from each other, making differentiation of the infecting viruses straightforward. The disadvantages of the simultaneous culture were the initial investment for additional filter sets and the necessity to read each monolayer twice. We recommend routine testing of general culture specimens for ADV, CMV, and HSV with the method described.
